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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
lithography projector in which a space between 
a substrate and a projection system is filled with 
liquid while minimizing the quantity of the 
liquid required to be accelerated during a stage 
operation. 

SOLUTION: In the lithography projector, the 
space between the final element of the 
projection system and the substrate table of the 
lithography projector is surrounded by a sealing 
member. A gas seal is formed between the 
sealing member and the plane of the substrate 
and the liquid is confined in that space. 
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fc, a& § l-" . 15)J X. if — A X 4^ X > ^ — E X V> o rc ci; d jS: 3 >' 3 — 



tr — A {c *5 it §s 

u t e r 43 tf a 
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i nne rfcffl^t"^) ^^Jg'^"?.! 
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mm'^w I Lit — mm !<c m-T^ ^ I N ^ xf =i y f y-^ c o n^-' ^ Tc .ii ^ . mco-^ m-^m 

[ 0 0 3 7 3 

0 1 ft 18 t T ^ y — ;^ L A J4 u y 5 7 -Y S H © 5^ $ C cin « •^a ^ {f y 

t ^ c t i>pim-vm!s> c t^^m-t coDm-k. y-xLAAV'^otBt-jSKitWi^e-iti 

1" § CO -e o 10 

[ 0 0 3 8 ] 

~i*P Bt^-?X4i'MA^^ifLTS*gW<De^i§P:Ji-C±(ce~i.P BO^^%-&t>-&§P 
yXPL^Mii-r^o m--f4gS*46#ge {^i:iy=Fmifmm$&l F) (cj:»?v S^g'r->^ 

T ^ 1 BJ^ ^ ^T o T ^ o L v?)^ L > ^7 x /n X 7" -y if -g- C X 7^ 7 > K X ^ 

y^»i:ti:^^.^6^Jfc) , -7Xd'-r-y';UMTt4e^3 — hXhn-i'7^'9^aLX-^rtcaja 

2 ti ^ f£ T' ^ ;!3^ , ^ ^ i,-^ a ^ * n ^ o 

[ 0 0 3 9 ] 

- X-r-yyt — Ffc*3V^Ts ■^Xi'x — :7';l/MT{iS*6'iJtc||jjh4^Sfi:ia/i;txTi/^§o 

i&B-&n^o ^Aic - y Ji' yi T if^ X m ^ ^ y & ^ it yj>j ic y h ix . 

- X ^ ^ y — F l/^ T s a * fl^ {C II — ■:^ U :t 3i ffl ^ n § , fit. C C s 30 

, ^ntc j;o T e~ A p B ;^)Wx^'<D^^*5£*•r §o cntrnmic a*S7^-y^;^ w t 

[ 0 0 4 0 ] 

H2t*. iS^yxf'i>t:Sffix-r — i:^Pa1tcfelJ-^jiSf*U1f~^'!l O^^L-fctOi^S.^ 

M'^M^t£:*5tt«.cj:0^> Jig#:ti:TJ;!3^V^?3SS%«'b. J;i9/j^Sv^y-i'-7^-vOM^% 
RlflJc -r S <: i: * § o ^]^^xX7^i*o^#jKPS#«. t 0 ttJSi^ e~ AO^«, 43cJ: 

[ 0 0 4 1 ] 

ij if — 1 Oit. ^Bi^ y^'f- L,<D — 7 — }^ <0^ t> K> i^M^Ri^^t ^ ^^MMi' 

w H)"^ m iMii it> ^ n X ^ o ';if-/ui*g^^'x-rAPLco«^^?£OT'£?> cn^mA^x 

IB « ^ - ;V g|5 « 1 2 ;6-> e> ]ff^ fiJc ^ tT. T V-^ ;S. o )<g #: ^ X -r A O T O ~ ^1/ ^ « 1 

2F*9.©X"^— Xt^Atxen^o C tlX — Jl'BU I 2aja^i/XxAc0g^*-?^'>LM 50 
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X. T # S L T *3 V M t± « ^ ? ^ ± ^ T Tfe -f* CO M -y 7 T *i e. ^ n § o ~> — 

I 2 it, ±mmx'. ^^.B :^ <D :a ^ ^y-:/ L < it ^ co . i!fSL<^o 

•fe D t - ife rt « ^ -W U T fc 0 . U T . 1?lJ ^ ti" Jtl < T t ja o JS §15 *5 T s F*3 iS ti 
. c n fc I® § t) it T' 55: v> :!b^ ;i fi ff? © " i^' 7 -1- - 7W K CD }^ 4^ t — S( 

[ 0 0 4 2 ] 

i; jA 46 P) tx i. o :^3^ 7. - ;V . M {f S m ^ ^ T - J; * X . Vt}-^L^m 

L T - ^l' S-P « 1 2 » « M CD 4^ ■¥ y :/ AD IE T TMtt ^ $ ti ^ m-mma 1 4 ft J; 15 M tiJ 10 
^tii.o ;«^X^IAP1 S'^OiSiE^ ^-#tflPl 4©^^P^;l'. is X ^ y (D i^' :^ 

[ 0 0 4 3 ] 

c?:)*t)t)^<:X'^"-x:&i;r?T3ifetL-fc/)N?;a3>'^f^'h (conduct) cfc !3 X ^n-f-"nai 

— ^APi 5i:m — aiii±ipi 4tca^LTt/^^o mxa I 5 t mm a I 4 iy — j]/^^ 

2 4 co51.;i*BC?^«ife<OSU'SrcD:4-U 7i'Xt?fe«./{>V a5?.V-«{*Sli^bfe^*rctiX'; >y h 

■C ^ <, - g|5 # {c A # ^ W ® < ^ A P i: ^ tH O § ^t IS it 6 n . v n .t^ — 

[ 0 0 4 4 3 

# ^ § d; ^ tc /Jn $ < > o * VMa ^ » $ b ii:^ f b ^> ^ •t' ^ ^ o — 

5bS'5*<=&^ti§^5{£:A*<iQ:-pTi/-'§, #ttiPi 4ti. SiXPl 5 tm-m<D:^micr 

[ 0 0 4 5 ] 

KCi/'x^yX-Tffe^o ^ ^ y ti^ G 5 f3-> ^ G 4 !,€. It. < ^ ^ t ^'S t! ^ M . ^ % (D 'iM. ti if' 

mr c tkc ^ X . mw<Dm.^»ti^ c om^trj: <:) , ^^s^x-^ap l t xmmffm < t 

[ 0 0 4 6 ] 

y G 3(0-^-^Xi5j^tIiP:t^ h (O ^ T . G atCtSltSSXPtG 4JC:33tt 

mMizm-oxf^&'^n^o —1^. =^ ^ y •:f g 3 (dm'^ if^M < . G 2 K ^ If ^ mM mtj fj^ G 40 
4 icis i>f :i> zt} <D z iB X ^ ^ m . t)-^ ^ <D -ff m ^ ^ ti ^ o ccom-^. ^trxam 

[ 0 0 4 7 3 

;!j^X2SfcB3^^i. X m X I± ^ m X ^ ^ ^ y G 4 ic X ^ X . ^LT^^v'Xt^ 

mt^mmx^ ^ o is - ju (d s-tj m&it . mmtf^mi'^t ^ t mm^c j;: •:>xm^ ri^ 

^■Y y y G 5co?t'f**'^S^^'XT-AC)T<OX-^— XC0i^i*:Sja=&SL*5S:«'^*as 
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[ 0 0 4 8 ] 

M ^ tcif m m. ^ ^ tc p> ^ ^ ^ i,c mm ti !i> ^ ^ -v ^ . *fc. :ff:^(Dm.^it. mi^^mis 

[ 0 0 4 9 ] 

1 0 #t ^ t~ « 

[ 0 0 5 0 ] 

ii' 7.~y — )V \ 6 « - ;u g|5 1^- 1 2 ^ 5^ if CO (c + /§: ^ « ® ft D tb -r c: nj 

1 2 ^ K 4g |oi / W T X f -i) it^ ^ ^ o - ;b g|5 ^-<f i 2 fi: . -f n o i? . 
K X X A {c b T s c £Q T T' H K W fc # ih ffi B i/^ r X Y S ( )fe tt (<: S IS ) 

tc g S Ij < o 
[ ^ St #lj 2 ] 
[ 0 0 5 1 ] 

m A^^XSm 5 tc $5 ^^ T M 2 ^ ;5S ^ U T v> S o ^ 2 ^ t± Jit T IB ^ O S ^ 1^ 

1/^ T ^ 1 SI iSa ^ij IrI «l S ^ o 
[ 0 0 5 2 ] 

C © H jfi fjij ic $3 T . |g - 7^ X # tU a 1 4 M L T > X # A P 1 5 IrI l-^ IJ - 

5 e. It m ^ X f± . ^ V - X {£ ii m\^rzmr.mmm i e fc o % ± tf s ti ^ <> 

[ 0 0 5 3 ] 

2 -o cr> AT X ^ m p ^ « ffl f ^ * SI Si ^ij CO ffi £0 ^ ti . c o la It u y 7 1- e (e: *3 
X (Dilim icmicmt ^ c t ij' ii> . -> — ;i^ui 2 o m. a. o k c n ^ i& m ir ^ c 1 1^^ ta 

[ 0 0 5 4 ] 

3^^^^^ J;-:pT. i^ — ;l/g|5 3|!?r 1 2 Sffi W McDSIa^ D ^ X. & n ^ t> b < « — :^ 
[ 0 0 5 5 ] 

S'j {c Iffl M f ^ ft i4> fc *r X — ;V 8S S $ n a ^ lii^ * P II fc ^ L fc t> c^ -t? § „ c 

o m 2 nmmxit. JI ^ P 2 j: P 3 ^ ^ tc in ffi rI K L T . ®' }t 41 O =3 y -r ^' 3 

ti . :|o ^ e < S IS W CO X *^ - ^l- g|5 1 2 i; T 4- — — v >>' b T v> § C J; 
0 , # fit Bf ^ <!; CO # ® $ic R 1-"^ i: * ■§> o c t± , S W ic ffi b fc v- — g|5 
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m~i9 xm&,a 2 1 6 ti}:^mxa 1 5 mom ^ 2 4 o^-^Cy^ cne-iDgPi^ti. ^j^tf 

[ 0 0 5 6 ] 

[ 0 0 5 7 ] 
[ 0 0 5 8 ] 

BEtlPSKlJ;^— ^©WLttSL±ifCT> SgiP. D{±s IEE:^P4, P5s *3<ktj=P6fCJ;^ 

TliffitD^^^wrtlt ^nSo bjb^L, P5, P6, 43c);Cf DcD!H*^t>H^t*> >J "If - {C ?g 20 

ifmirm.i^omitnw'^m-v&i!). mwp l i Qti:*3it^ffi:'3feMg-^feSo Pl i qj''^ 

P 2 J; D t> ?^ ^ « ^ , mi^ V ~ fj-^ ^ m if m ^ o $ fc s ? l i q p 2 J; D t /J^ $ 

1/^ ^ {± » ^ L €. ^ § Jb^ -f* ii: |g ^ f i) o #: ^ 61 ^ m * % <fc , *f)^ 
•o . c O IS -I* !g M 'i:-. S S ^ ^ n S H ^ < O I* tti § c i: ^ (/^ cfc 5 s P 

< it. cnti:^T^^D(c<tf3*$nSo g15^^ 220fc^7x/NWIfflO8g«lDl*^^?)i: 
. Jfe iii -S M © » 8g ffi D 1 O 2 ai 1? ^ T -S <0 t? . V — f)^ B & if Ih 'MWO M ^ 

a*L,<f±10/im-1?fei)<>cnt±, 10 0VJi(±<7:)4-":Jf'cD^iK3mffi^^T§m^X^ 30 
•y ^ J: 0 ^ M {C W ftl t « n ^ o 
[ 0 0 5 9 ] 

fg#:«^iifi-r§c tt^^m-e ^ ^ mm^ 2 ^m^^ c tit sits p 2%^x.?>(ot<:w^i) 

[ 0 0 6 0 ] 

a50> P 2 ^,i:,Zf P 3 <DM^ OmMiC^m-t ^ C t^'^mV^^o P2fej;t5P3^R(Ta 
<Ott{C^^§"^<, ffi::^)P4^ P5, feJ;0=P6t. ggilDl. D2. feJ:tfD3^:feT 40 

wimiCs i/-- !fi ^ ■a- 1) T IS s -r d i: Ri ti § c t a p ^ n ^ <, 

[ 0 0 6 1 ] 

* 1^ , M 2 * . y - 1 0 © ?g « © T 7^ -f W a t^: *3 § ffi ffl t;: 1^ ti: * 

© it « ^ T s ^ n i D — ;v 35 1 2 ^ T ^ Tc & ic :ff 7. ~ ;u It r f- ^ y 

c K S « W It ^ n § o K *g W ^ ?x 0 )^ < M . V -9" - e> © it f* IX 0 < c t 

xfic. itsicmi^ti^Mtc-^rir\,^rcmm^^f3-^'irj^^ic:f^:^/^-i^ii^mm-sn'^<rit^^ 
jS:i/^o ±KiiLrcj:'5{;:^ii?p3*iiWb^;b'«e.. i^»ii> P2^m^^^ticx-^xm2' so 
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T, p5*3j;cfP6 (■^^■oii^m^Am'^. & ^\.>itmmx' s> ^m-^. P4fe) ^m.^^ c t 

[ 0 0 6 2 ] 

5. 2 1 6 tmm.<Dm^^^t ^ o 

[ 0 0 6 3 ] 10 

§o tL<tt. U'lf'-/^! 0 <Dmm Ji^ <o jiij commsE^^ ^ ^ fi'^ma-t ^ c tic Ji: ^ . 
6t)) ti^n.z n^^^ c tx & ^ o 

[ 0 0 6 4 ] 

ic n m (D ^ }\/ X ^ m 0 Xti ^ c t ti'i'si mx ^ . j^ii^fl^ixx-ri*© 20 

»j 14 s r'S S . S ^ 'It , § ^tfJ ® # 14 ^ # t" § ft: 46 E ^] % # ^ 6 ti T t/^ § <, 

[ i§i #(l 4 ] 

[ 0 0 6 5 ] 

c ^aimx^^o 

[ 0 0 6 6 ] 

|g 4 H fife- f?ij *5 V-^ T > iif ^ L < — ^ X • A — /fJ >• ^ ?L M -fe 5 gf! « t v^ -2 fc 
3^ ?L ^ g|5 *!r 4 1 0 X W A P 1 5 C D ft e. n § o C C •r? , X - ;b g|5 « 

/S ffi 5 ife It a § , ^Jf S L- < « , ^ ?L H gM^i- ffi - /I' M <^ )S ® ra - ¥ ffi ± 30 
§o c©.1?-vX • *-^^>'g|3iH-4 1 0{±, (cco^^mU'M ic^if ^) ^^{c^erMi: 

^^/^ffi^^:lSMf^"(?*^|^ #AP1 4^tgittli§;y'x(J^APC)iap^#t<J;<^^-ia^n^ 

;«r X " ;l' « r ^ m p. ^ i: t s # ?L S" §15 tt 4 1 0 ^ IS; ffl -r S d a J; o T tf 

[ 0 0 6 7 ] 

m 4 mMM (Dammit ^\,-^x . ^^muu 4 1 0 * ^ -v ^wi/ 1 4 la g -r ^ c ^ 7!)^~ 

[ 0 0 6 8 ] 

:gi;+f~7^1 0l*lJC?^f*:*Wr§o cnti. f^m 7. i. P L ff) mm M =^ i)'^ . S^^/X-r 
i:, }C » 7j< ;t>< it f C t i ^' -7 y a CD ® ^i: fiS -r to ^ 155 ^ "t? § o '7 y v- :i 

(Dm. mm p r- p L if ^ nic M I' X if m ir 1 1 . v ■^-^^ i o p^(Dmi*^i^i^9siit-^ 



(16) 



JP 2004-289126 A 2004.10,14 



[ 0 0 6 9 ] 

[ 0 0 7 0 ] 
[iSJ 3 ] 



^6^l'^^t^*«fi■^?*0^ Lti^f^'hOS^-pfet)^ r)tirtf*olA^-e^'3> ^LTAP 
ti:||-Ulf-^^i;m--yif— ''^10M©]EE:;'3S't?«.§<,»M'T--'/;l'A''0. 2m/f>(^ 20 
<fc 0 ft- iiJ ) © S f -7 'y -> :i -r ^ W fig e 0 . o . A P « fi: i 0 ^ P a T- 

< 2 -fg t? S o 

[ 0 0 7 i 3 

■(*: {c $3 T « fig ^ js )i sij €> ^ . tf - 1 o co © s ± ffi fc it 

, iS -r € § ffi tc ^± -f )^ @f [ti ^ fc 46 (C . ^ ^ ^ ® 5 1 5 ^iZ^W tt ^ 0 ^ © 30 

{c J; 0 . igf*jE)^ ^^^''Xf-i^ p L tmmm 5 i o m> €> u < ii»$tjBi t i^-jvm^m^ 
^ ti ti tg It a -r ^ i/-^ ft s -e . v' - a? 1 2 © s gis s § v^ s i? x -r a d ft 

(rt^n-So CCO.fc'^fcs ^'■5'>yi'oa.c7>^'a-t£:^^i^XT-i*PLtca{i^-§-X.§ilt:&<, 

Mf*5f)^^^Bi^t£tttB-r c fc*^WSi-e;&§o c coSli^JtcM UT. U If - i 0 '> * < 

';if-/^i ot^*5tt^}^#:©s±ffi^c:^u>T?g©]fg^:felHI)gL^#^{s^■+-^5•^^:^ 

[ 0 0 7 2 3 

W S'J ^ iS O * fc gfj © 1? s U if — 1 0 © ?t f* © ^ ± S!5 © @ A ^ IS Si jS © « ?S 

tl ^ i*: i: #r= iii ft 14 T' ^ < T {± jS: e. o 
[ 0 0 7 3 ] 

c (D :fj m ic ^ r mit <D m. ±m it ^ tt^ d-^-^ y^-^m mo mm.m'^ ic ^y^m n ^ o z.(ommu 
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1 I K^Vtz 

m ± CO 



\iK is i,f ^ m M <o < -oi^-^^^mt ^ 



I 



t ID 



I ? <o T d n % H A. T' SB a ^ n - ^i/ lo 

1 l;6^MDiiJ6&nTl/->§o 



* 6 -5 



i/cir ^ c tx. i7 y ^ (D^icm^i^ l-^Bt ^^0]^m^^S1im\^ >^ =■ X L.t>'iii 

?-£ 5) ^ n § o 

[ * M P 6 3 
[ 0 0 7 4 ] 
gj 1 0 :fe J; tf 

mx & He 

[ 0 0 7 5 ] 

Wlomm M tc *5 T . K 7. •r A £0 

[ 0 0 7 6 ] 

1 -zxDmXa 6 I 7 ^m^X\^^^o c tidbit. tg]^^'X-rAPLO«fejfi<fJ:2SEHP6 1 
PL;{)->e.Stj3S<tc#AP6 1 5 3t)^EB*nT(/^§o ^AP6 1 5ti. 311:^£0^^>'/^6 

i 2cD««^D'>;&<i:*>SI5^^3^RfT■Sc:^^, jS^>':=^-ri.PL<DTcc»amfi^^^ 

2 5 « fctl 'i-s — 6 2 0 iS; — ffi ;'3 T X ^ {It t i> J; ^ -r -1. d i: a& ^ o tH 

— ;l/6 2 Otili:|i;^^SSt(0. 2 SmmT^feOs ^5 4 M <D m iH - Jl^ 6 2 Oib-'fe^o Sfcti^i^ 
6 2 0 i^^-vv/^e 2 2 P^tc$3tt;sj?Sfi*iJPItc^^;t-^fD::^v:#*(0Mft^*t)s dn 
t±s t^jit>^l-Dr£l>f(0:^'<y^^^Vy'fy^ 6 2 5 X^-oX^. mints — J]y 

[ 0 0 7 7 ] 

ti-^ 1^ m m \^ m ti ^ m. it . i/~ fvma tmm.v^m(o i^- jv^mi^ir ^ (oicm^x 

;U ^ 3( # -r c: Jb^ 5^ -= fc o 51 ^ 6 3 0 ;^7^ X y - X . «?(J A. ^ {c il fa L T t/> ^ » ^ 

AP6 1 5 i)-^ ii> <D^^(Dmm^<ofHm^(oiktii,t . ^r^^mxa & i 7 ti-^ ib m m a e 1 

4 fC|R]*^-pT^6fC;«'X^§l#jAt^t0tcWJaiefe§c. 
[ 0 0 7 8 ] 

OS * 



-f^: *3 T 



fC — J; 9 f S o Mit 



icmtf^ Z . 5 mmX *) 



[ 0 0 7 9 ] 

^6 3 3 (om^p^m<D3^'y Q 3 5 it m ^ ^ ^ m tf^ fc B ^ ti ^ mm 6 3 0% 

[ 0 0 8 0 3 

aiffipei 4 l,t.t.rc. Ig^J&^^J-fv&^^O. 7 mmX & ^if^. imif 6 ■fy' B> 7 m m comm I' 
fc ?S 6 4 0 * # -r § o ?t 6 4 0 © « ^1- « © ai y 6 4 2 (4 , iS iS' 9 0 " © fji l-^ X >y 
*>^ce>StL. ^titcJcoTjQ^Xf^^n. ftfc. ?6;5:§!iAP6 3 0 *^e.«D;9'X©j^nti 

A' })^<Dnm^^^ ^ ^ o icmm^ n ^ c 'me 4 o«. ]^^^€i^^>'/^6 4 7{co^ 
3b^§. j:-:?Tgij{acD#ttjai^6 4 9 icD ^ :h mm<D m Hi t- - Q 4 5 ^mir^. mm.(o 
mm — G 4 5 itmrnt'^m 1 mmx^ o\ ^^ic^f) . m m — fi- g 4 5 ^ m^M-r ^ 
^ /l^ ^ ^ 7j< $ffi ^ n § o 
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[ 0 0 8 1 ] 

1: 0 0 8 2 ] 
[ 0 0 8 3 ] 

HI 1 1 . HI 1 0 ® i-- - ;V 013 *t CO T W to ¥ ® la T' ^ o El ^ § .i: , A □ 6 

1 5 i,tum.(DW\m<Dmxt---j]ye 2 0 l Lxm^.-^tix^^^o x.t^t v y^'t Lr<om 

^) ;&*rf§£:^;?)^6, c ni>t y <Dm xa e 1 stcP^'^ffi-r^d^^Ji^L-TSBT)??^ 

i& ^ o /Jn ^ It @ 0 S A — /L' 6 2 0 ^ c> ff to X a T' ^ s e> V o fig :?3 i: o 
[ 0 0 8 4 ] 

M Q 3 3£D0 4^cD^e.*'S=i!AP6 1 7 l,t . m i@ <r) m X - Jl^ 6 2 0 cD^^mmt ^ t 

^ it ^-f h ^ mx ^i}-^ •:> fc , I z <0'^Fi^ic^\,^xm^^ir p^oi^n^ 

m ^ -t :§> fcit iC m tlW ^ ^ ^^>'/^ 6 4 7^ 6 2 2 i;(/^o/c:cfc5^*"^*lif6 4 0 

is:mmt ^ j:: t iz ^ K> mm<Dm^mm t Lxmma 6 4 s^^j^t-^cttd;. sin%s:s 

^ ^ O fC PbT S t {± ^ & V> o 
C 0 0 8 5 ) 

tDfit-f*ti;. IB ##03256820. 6^*3d;tf|S|i|03256809. 9# 

lc*3V^TlB®5$nTi/^i>J:'5*i:#t±lA^n§o 

[ * )K M 7 1 
[ 0 0 8 6 ] 

m 7 mmmimiTKmm.(op^^^»\^^xm e mi3&micmmt ^ c mi 2 a. mi i tm 

ii^ r - M 1 2~fm<DW^mmx&^o hi 1 2 ^ ^ t . s/ — 1 2 k a ^ e ^ 

36 ;^ L fc J: ?§: ^ ^ -S *i A P ^i: ^ 15- 6 n * flE m 31 iP r § C i; rI T a& 

[ 0 0 8 7 ] 

|g 7 H 9g f IJ O 5^ — ;V gf5 1 2 « s # A — ;V 7 2 0 J: 0 JT^ ^ n s o . ^ 6 * 

<5D±#iait<tna0;«^x'^yu>'^^"7 i 5 t-^^^^o mxa 7 1 4{±, ^n^n^^T^v- 

Xfc*^V-XtC5i< 2-Q®;?ji£DaSS7 4 5 t 7 4 7^Wr^^**;<0?i7 4 Oi)''^m^„ 
CCD?^?StCc}:DilK7 4 5tC5lS^Lfc:«'xy-X*^6. ji^7 4 7 fcM^Urc*SV-X 

P 7j< t" cl t ft*: Rl ^ ^ o ^ e> . * S f- > iC *3 T <fc D A # < $0 PS S n fc ^- ^. O 

s>^\^^it&miic^if ^mcomno:)^ ti<i.. is:^^y v y km I'X 'f'i±^ ^ ^ ^ M^=^ -v 

immmsi 

[ 0 0 8 8 ] 

m 8 nmmitm I 4 a o na a v^ t w % 9 c» ^ o > j-x t f;: ta «c io f^] ^ ^ 

[ 0 0 8 9 ] 

8 1 4 ^m?'-fciy — }i'^^ I 2J&*-r^o L^^^U, #ffipi AOTic^ S5i>«c:ntot5 

=^ izmm ^ ntc t B ici, ^ i -zxomxa b 1 7*^^it?>nT330s ^ntcji-oTS'ii^ttj: 
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Sj? It ^ O 1^] {Id IrI ;^)^ -5 ^ It 1? S ffi W IrI o T n § y X <fc o T ti 

P8 1 4m(omm y x^nf^^ 3 0 0') ^f^m-sn^o JS:-if=s:eti\ ^&^^#a 

6> T' ^ § o 

[ 0 0 9 0 ] 

mi 4A^6. ^ ^ ^mxa 8 1 7 (d / x m n tiK ^iijps 1 4 comM-^k<DnMic. 
I m mm 9 1 

[ 0 0 9 1 ] 

mmm t mmx- m^o 

[ 0 0 9 2 3 

m 9 mmmic^\.-^x . mmv^ i!:^mir ^ ~ j\y^U(Dmmic^i-^ ^^mma 9 1 4£DP3f>^ 
^itfiPQ 1 4rt^o^^o5affi^ti-r<fe'5tciifiE^nTv^^o cnti, mmn 9 1 40a 
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Lith<%r3phic Apparatus and Device Manofacturing Method 

The present invention relates to a lithographic projection apjmratus comprising: 
a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means serving 
to pattern the pn>jection beam according to a desired pattern; 
5 - a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 

substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid* 

10 

The term ''patterning mean^ as here employed should be broadly interpreted as 
referring to means that can be used to endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be created in a target portion of the 
IS substrate; the term 'light valv^' can also be used in this context. Generally, the said pattern 
will correspond to a particular functional layer in a device being created in the target portion, 
such as an integrated circuit or other device (see below). Examples of such patterning 
means include: 

A mask* The concept of a mask is well known in lithography, and it indides mask 
20 types such as binary, alternating phasc-shift, and attenuated phase-shift, as well as 

various hybrid mask types. Placement of such a mask in the radiaUon beam causes 
selective transmission Qn the case of a traromissive mask) or reflection (in the case 
of a reflective mask) of the radiation impinging on the mask, according to the 
pattern on the mask. In the case of a mask, the support structure will generally be 
25 a mask table, which ensures that the mask can be held at a desired position in the 

incoming radiation beam, and that it can be moved relative to the beam if so 
desired, 

A programmable mirror array- One example of such a device is a matrix- 
addressable surface having a viscoelastic control layer and a reflective surface. The 
30 ba^ic principle behind such an apparatus is that (for example) addressed areas of 

the reflective surface reflect ind<tent light as diffracted light, whereas unaddressed 
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areas reflet incident light as undiffracted light* Using an appropriate filter, the 
said undiffracted light can be filtered out of the reflected beam, leaving only the 
diffracted light behind; in this manner, the beam becomes patterned according to 
the addressing pattern of the matrix-addressable surface. An alternative 
5 embodiment of a programmable mirror array employs a matrix arrangement of tiny 

mirrors, each of which can be individually tilted about an axis by applymg a suitable 
localized electric field, or by employing piezoelectric actuation means. Once again, 
the mirrors are matrix-addressable, such that addressed mirrors will reflect an 
incoming radiation beam in a different direction to unaddressed mirrors; in this 

10 manner, the reflected beam is patterned according to the addressing pattern of the 

matrix-addressable mirrors. The required matrix addressing can be performed 
using suitable electronic means. In both of the situations described hereabove, the 
patterning means can comprise one or more programmable mirror arrays. More 
information on mirror arrays as here referred to can be gleaned, for example, from 

15 United States Patents US 5,296,891 and US 5,523,193, and PCT patent 

applications WO 98/38597 and WO 98/33096, which are incorporated herein by 
reference. In the case of a programmable mirror array, the said support structure 
may be embodied as a frame or table, for example, which may be fixed or movable 
as required. 

20 " A programmable LCD amray. An example of such a construction is given in United 

States Patent US 5,229,872, which is incorporated herein by reference. As above, 
Ihe support structure in this case may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 
For purposes of simpMcity , the rest of this text may, at certain locations, specifically direct 
25 itself to examples involving a nmsk and made table; however, the general principles 

discussed in such instances stould be seen in the broader context of the patterning means as 
hereabove set forth, 

Lithographic projection apparatus can be used, for example, in the manufacture of 
mtegrated circuits QCs), In such a case, the patterning means may generate a circuit pattern 
30 corresponding to an individual layer of the IC, and this pattern can be imaged onto a target 
portion (e.g. comprising one or more dies) on a substrate (e,g. silicon wafer) that has been 
coated with a layer of radiation-sensitive material (resist). In general, a single wafer will 
contain a whole network of adjacent target portions that are successively irradiated via the 
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projeclioB system, one at a time. In current apparatus, employing imttermng by a mask on a 
mask table, a distinction can be made between two different types of machine* In one type 
of lithographic projection apparatus, each target portion is irradiated by exposing the entire 
mask pattern onto the target portion in one go; such an apparatus is commonly referred to 

5 as a wafer stepper. In an alternative apparatus — commonly referred to as a step-and-scan 
apparatus — each target portion is irradiated by progressively scanning the mask pattern 
under the projection beam in a given reference direction (the "scanning** direction) while 
synchronously scamiing the substrate ta^le parallel or antiparallel to this direction; since, in 
general, the projection system will have a magnification factor M generally < 1), the speed 

10 V at which the substrate table is scanned will be a factor M times that at which the mask 
table is scanned* More information with r^uxJ to lithographic devices as here described 
can be gleaned, for example, from US 6,046,792, incorporated herein by reference. 

In a manufacturing process using a lithographic projection apparatus, a pattern (e.g- 
in a mask) is imaged onto a substrate that is at least partially covered by a layer of 

15 radiation-sensitive material (resist). Prior to this imaging step, thesubstrate may undergo 
various procedures, such as priming, resist coating and a soft bake. After exposure^ the 
substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
development^ a hard bake and measurement/inspection of the imaged features* This array of 
procedures is used as a basis to pattern an individual layer of a device, e^g* an IC. Such a 

20 patterned layer may then undergo various processes such as etching, io»implantation 

(doping), m€talli^ation, oxidation, chemo^mechanical polishing, etc., all intended to finish 
off an individual layer. If several layers are required, then the whole procedure, or a variant 
thereof, will have to be repeated for each new layer. EvenluaJly, an array of devices will be 
present on the substrate (wafer). These devices am then separated from one another by a 

25 technique such as dicing or sawing, whence the individual devices can be mounted on a 
carrier, connected to pins, etc. Rirther information regarding such processes can be 
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to 
Semiconductor Processing", Tliird Edition, by Peter van Zanl, McGraw Hill Publishing Co,, 
1997, ISBN 0-07-067250-4, incorporated herein by reference. 

30 For the sake of simplicity, the prqection system may hereinafter be referred to as 

the "lens"; however* this term should be broadly interpreted as encompassing various types 
of projection system^ including refractive optics, reflective optics, and catadioptric systems, 
for example* The radiation system may also include components operating according to any 
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of these design types for directing, shaping or controlling the projection beam of radiation, 
and such components may also be referred to below, collectively or singularly, as i%T^\ 
Further, the lithographic apparatus may be of a type having two or more substrate tables 
(and/or two or more mask tables). In sxich "multiple stage?' devices the additional tables 
5 may be used in parallel, or preparatory steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. Duai stage lithographic apparatus 
are described, for example, in US 5,969,441 and WO 98/40791, incorporated herein by 
reference. 

It has been proposed to immearse the substrate in a lithographic projection 
10 apparatus in a liquid having a relatively high refractive index, e.g, water, so as to fill a space 
between the final element of the projection system and the substrate. The point of this is to 
enable imaging of smaller features since the exposure radiation will have a shorter 
wavelength in the liquid, (The effect of the liquid may also be regarded as increasing the 

. effective NA of the system*) 
15 However, submersing the substrate table in liquid means that there is a large body 

of liquid that must be accelerated during a scanning exposure. This requires additional or 
more powerful motors and tuAulence in the liquid may lead to undesirable and 

unpredictable effects. 

There are several difficulties associated with having liquids in a Ifcographic 
20 projection apparatus* For example, escaping liquid can cause a problem by interfering with 
interferometers and, if the lithograirfiic projection apparatus requires the beam to be held in 
a vacuum, by destroying the vacuum. Furthermore, the liquid can be used up at a high rate 
unless suitable precautions are taken. 

Further problems associated with immersion lithography include the difficulty in 
25 keeping the depth of the liquid constant and transfer of substrates to and from the imaging 
position i.e. under the final projection system element. Also, owntamination of the liquid (by 
chemicals dissolving in it) and increase in temperature of the liquid deleteriously affect the 
imaging'quality achievable. 

In the event of a computer failure or power failure or loss of control of the 
30 apparatus for any reason, steps need to be taken to protect, in particular, the optical 

elements of the projection system. It may be nece^ary to take steps to avoid spillage of the 
liquid over other components of the apparatus. 

If a liquid supply system is used in which the liquid has a free surface, stei^ need to 
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be taken to avoid the development of waves in that free surface due to forces applied to the 
liquid supply system. Waves can transfer vibrations to the proje<^on system from the 
moving substrate, 

WO 99/49504 discloses a lithographic apparatus in which a liquid is supplied to the 
5 space between the projection lens and the wafer. As the wafer is scanned beneath the lens 
in a-"X direction, liquid is supplied at the -hX side of the lens a^id taken up at the-X side. 



It is an object of the present invention to provide a lithographic projection 
10 apparatus in which a space between the substrate and projection system is filled with a 
liquid whilst mimmizing the volume of liquid that must be accelerated during stage 
movements. 

This and other objects are achieved according to the invention in a lithographic 
apparatus as specified in the opening paragraph, characterized in that said liquid supply 

15 system comprises: 

a seal member extending along at least a part of the boundary of said space 
between the final element of said projection system and said substrate table; and 

a gas seal means for forming a gas seal between said seal member and the surface 
of said substrate. 

20 Hie gas seal means thus forms a non~contact seal between the seal member and the 

substrate so that the liquid is contained in the space between the final element of the 
projection system and tiie substrate, even as the substrate moves under the projection 
system, e.g. during a scanning exposure. 

The ^at member may be provided in the form of a closed loop, whether circular, 

25 rectangular, or other shape, around the space or may be incomplete, ejg. forming a U-shape 
or even just extending along one side of the space. If the seal member is incomplete, it 
should be positioned to confine the liquid as the substrate is scanned under the f^-ojection 
system^ \ 

Preferably, the gas seal means is a gas bearing for supporting said seal member. 
30 This has the advantage that the same part of the liquid supply system can be used both for 
bearing and for sealing the liquid in a space between the final element of the projection 
system and the substrate, thereby reducing the complexity and weight of the seal member* 
Also, previous experience gained in the use of gas bearings in vacuum environments can be 
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called on. 

Preferably, the gas sseal means comprises a gas inlet and a first gas outlet formed in 
a face of said seal member that opposes said substrate, means for supplying gas under 
pressure to said gas inlet and vacuum means for extracting gas from said first gas outlet* 
5 More preferably, the gas inlet is located forthex outward from the optical axis of said 
projection system than said first gas outlet In this way, the gas flow in the gas seal is 
inward and most efficiently contains the liquid In this case, the gas seal means 
advantageously further comprises a second gas outlet formed in the face of the sealmember 
which opposes the substrate, the first and second gas outlets being formed on opposite sides 
10 of the gas inlet. The second gas outlet ensures minimal escape of gas from the gas inlet into 
the environment surrounding the seal member* Thus, the risk of gas escaping and 
interfering with the interferometers or degrading a vacuum in the lithogiaphicapparatus, is 
minimized. 

The liquid supply system may also comprise sensors for measuring the distance 
15 between the face of the seal member and the substrate and/or the topography of the top 
surface of the substrate. In this way, control means can be used to vzry the distance 
between the face of the seal member and the substrate by controlling, for example, the 
seal means either in a feed-forward or afeed-back manner. 

The apparatus may further comprise means for varyiig the level of a portion of 
20 said face of said seal member between the first gas outlet and an edge of the face nearest the 
optical axis relative to the remainder of the face. Thius allows the pressure containing the 
liquid in the space, to be controlled independently of the pressure below the inlet so that the 
height of the seed member over the substrate can be adjusted without upsetting the balance 
of forces holding the liquid in the space. An alternative way of ensuring this is to use a 
25 means for varying the level of a portion of the fece between the first or second gas outlets 
and the gas inlet relative to the remainder of the face. Those tihrce systems may be used in 

any combination.. . V 

An alternative way of separating a sealing function and bearing fiindbn of the gas 
seal means is to provide a channel formed in the face of the seal member located nearer to 
30 the optical axis of the projection system than the first gas outlet* The pressure in that 

channel can be varied to contain the liquid in the space whereas the gas in and out-lets may 
be used to vary the height of the seal member atove the substrate so that they only operate 
to support the seal member and have little, if any, sealing function. 
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A f uither advantageous feature is for a porous member to be disposed over the gas 
inlet for evenly cMstributing gas flow over the area of the gas inlet. 

It is convenient to form the gas in and oul-lets so that each comprises a groove in 
said face of said seal member opposing said substrate and a plurality of conduits leading into 

5 said groove at spaced locations. 

It is also preferred that the gap between said seal member and the surface of sadd 
substrate inwardly of said gas seal means is small so that capillary action draws liquid into 
the gap and/or gas from the gas seal means is prevented from entering the space. The 
balance between the capillary forces drawing liquid under the seal member and the gas flow 
10 pushing it out fonns a particularly stable seal. 



It is a further object of the present invention to provide a lithographic projection 
apparatus in which a space between the substrate and the projection system is filled with a 
15 liquid whilst minimizing the transmission of disturbanM forces between the substrate and 
projection system. 

This and other objects are achieved according to the invention in a lithographic 
apparatus as specified in the opening paragraph, characterized in that said space is in liquid 
connection with a liquid reservoir through a duct and the minimum cross sectional area of 



lf2 

20 said duct in a plane perpendicular to the direction of fluid flow is at least n 



where A7is the volume of liquid which has to be removed from said space within Mm€^, 
L is the length of the duct, tj is viscosity of liquid in said space andflkP^ is the maximum 
allowable pressure on said final element 

This apparatus has the advantage that the liquid can be completely constrained 

25 such that it does not have a large free surface for the development of waves i,e. the space or 
reservoir is enclosed at the top and the reservoir is full of liquid. This is because the amount 
of fluid which can flow through the duct in a given time (time of crash measured 
experimentally) is large enough to avoid damage to the fmal element of the projection 
system when the apparatus crashes because the liquid can escape through the duct before 

'M) pressure in the space build up to levels at which damage can occur. The liquid must escape 
when the seal member moves relative to the final element otherwise the hydrostatic pressure 
applied to Ac final element during relative movement of the final element to the seal 
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15 



20 



member can damage the final element* 

In another aspect of the invention, there is provided a lithographic apparatus as 
specified in the opening paragraph^ characterized in that the liquid supply syslcm further 
comprises, on a top surface of liquid in said liquid supply system, a suppression means for 
suppressing development of waves and including pressure release means. 

In this way, the development of waves can be suppressed by contact of the 
suppression means with a top surface of the liquid- However the liquid still can escape from 
the space in the event of a crash to avoid damaging the final element. 

One way of providing the suppression means is through a flexible membrane or 
alternatively placing a high viscositjSiquid which is immiscible with the liquid in the space 
on the top surface of tiie liquid in the space. In each of these cases the pressure release 
functionality is provided by the flexibility of the suppression means. 

Another aspect of the invention provides a device manufacturing method 

comprising the steps of: 

providing a substrate that is at least partially covered by a layer of radiation 

sensitive material; 

providing a projection beam of radiation using a radiation system; 

using patterning means to endow the projection beam with a pattern in its cross- 
section; 

projecting the patterned beam of radiation onto a target portion of the layer of 

radiation-sensitive material; and 

providing a liquid to fill a space between the substrate and a final element of a 
projection system used in said step of projecting; 
either characterized by; 

forming a gas seal between a seal member extending along at least a part of the 

boundary of said space and the surface of said substrate; 



or 



providing a liquid reservoir in liquid connection with said space through a duct 



and 



30 



ensuring that said duct has a minimum cross-sectional area in a plane perpendicular 
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AFis the volume of liquid which has to be removed from said space within timef^, L is 
the length of the duct, y\ is viscosity of liquid in said space and<\F^ is the maxim urn 
allowable pressure on said final element; 
or characteri3ced by: 

5 - suppressing development of waves on said liquid with a suppression means and 

allowing for release of pressure of said liquid. 

Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood that 
such an apparatus has many other possible applications* For example, it may be employed 

10 in the manufacture of integrated optical systems, guidance and detection patterns for 

magnetic domain memories, liquidcrystal display panels, thinfilm magnetic heads, etc The 
skilled artisan will appreciate that, in the context of such alternative applications^ any use of 
the terms ^reticle", "wafer" or "die" in this text should be considered as l^ing replaced by 
the more general terms "mask**, "substrate** and **target portion"* respectively. 

15 In the present document, the terms *VadiatJOrf' and **beam" are used to encompass 

all types of electromagnetic radiation, including ultraviolet radiation with a wavelength 
of 365, 248, 193, 157 or 126 nm). 

Embodiments of the inveition will now be described, by way of example only, with 
reference to the accompanying schematic drawings, in which: 

20 Figure 1 depicts a lithographic projection apparatus ac<x>rding to an embodiment of 

the inventiou; 

Figure 2 depicts the liquid reservoir c£ the Srst embodiment of the inventioi) 
Figure 3 is an enlarged view of part of the liquid reservoir of the first embodiment 

of ihe inveniion; 

25 Figure 4 dejncts Uie liquid reservoir of the second embodiment of the invention 

Figure 5 is an enlarged viewof part of the liquid reservoir of the second 
embodiment of the invention 

'Egure 6 is an enlarged view of the liquid reservoir of the third embodiment of the 

present invention; 

30 Figure 7 depicts the liquid reservoir of the fourth embodiment of the presmt 

invention; 

Figure 8 is an enlarged view of part of the reservoir of the fourth embodiment of 
the present inventioi? 
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Figure 9 depicts the liquid reservoir of a fifth embodiment of the present inventio|i 
Figure 10 (fepicts the liquid reservoir of a sixh embodiment of the present 
invention; 

Figure 11 depicts, in plan, the underside of the seal member of the sixth 
5 embodiment 

Figure 12 depicts, in plan, the underside of the seal member of the seventh 
embodiment 

Figure 13 depicts, in cross section, the liquid reservoir of Ae seventh embodiment 
Figure 14 depicts, in cross section, the liquid reservoir of an eighth embodimer^ 
10 Figure 15 depicts, in cross section, the liquid reservoir of a ninth embodiment 

Figure 16 depicts, in cross section, the liqaid reservoir of an alternative ninth 
embodiment; and 

Figure 17 depicts, in cross section, the liquid reservoir of a tenth embodiment. 
In the Figures, corresponding reference symbols indicate corresponding parts. 

15 

Emhodiment 1 

20 Figure 1 schematically depicts a lithographic projection apparatus according to a 

paiticidar embodiment of the invention* The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection t^ara PB of radiation ^.g. 
DU V radiation), which in this particular case also comprises a radiation source LA; 

a fii^t object table {mask table) MT provided with a mask holder for holding a 
25 mask MA (e,g* a reticle), and connected to first positioning means for accurately 

positioning the ma^ with respect to item PL; 

a second obje.ct table (substrate table) WT provided with a substrate holder for 
holding a substrate W a resist-coated silicon wafer), and connected to second 
positioning means for accurately positioning the substrate v^nth respect to item PL; 
30 • a projection system flen^*) PL (e.^. a refractive lei^ system) for imaging an 

irradiated portion of the mask MA onto a target portion C (e,g. comprising one or 
more dies) of the substrate 
As here depicted, the apparatus is of a transmissive type ^.g. has a transmissive mask). 
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However, in general, it may also be of a reflective type, for example ^.g. with a reflective 
mask). Alternatively, the apparatus may employ another kind of patterning means, such as a 
programmabie mirror array of a type as referred to above. 

The source lA an exoimer laser) produces a beam of radiation. This beam is 
5 fed into an illumination system (illuminator) IL, either directly or after having traversed 
conditioning means, such as a beam expanderEx, for example. The illuminator IL may 
comprise adjusting means AM for setting the outer and/or inner radial extent (commonly 
referred to as a-outer and C3P-inner, respectively) of the intensity distribution in the beam- In 
addition, it will generally comfmse various other components, such as an integrator IN and 

10 a condenser CO* In this way, the beam PB impinging on the mask MA has a desired 
uniformity and intensity distribution in its crosfisection. 

It should be noted with regard to Figure 1 that the source LA may be within the 
housing of the lithographic projection apparatus (as is often the case when the source LA is 
a mercury lamp, for example), but that it may also be remote &om the lithographic 

15 projection apparatus, the radiation beam which it produces being led into the apparatus (e.g. 
with the aid of suitable directing mirrors); this latter scenario is often the case when the 
source LA is an excimer laser* The current invention and Claims encompass both of these 
scenarios. 

The beam PB subsequently intercepts the mask MA, which is feld on a mask table 

■I 

20 MT. Having traversed the mask MA, the beam PB p^ses through the lens PI^ which 

focuses the beam PB onto a target portion C of the substrate W. With the aid of the second 
positioning means (and interferometric measuring means IF), the substrate table WT can be 
moved accurately, e.g. so as to position different target portions C in the path of the beam 
PB, Similarly, the &st positioning means can used to accurately position the mask MA 
25 with respect to the path of the beam PB, e,g. after mechanical retrieval of the mask MA 
from a mask library, or during a scan. In general, movement of the object t5*les MT, WT 
will be realized with the aid of a long-stroke module (course positioning) and a short-stroke 
module (jfine positioning), which are not explicitly depicted in Figure 1, However, in the 
case of a wafer stepper (as opposed to a step-and-scan apparatus) the mask table MT may 
30 just be connected to a short sUoke actuator, or may be fixed- 

Hie depicted apparatus can be used in two different modes; 

In step mode, the mask table MT is kept essentially stationary, and an entire mask 

image is projected in one go (Le. a single '*flaslf) onto a target portion C The 
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substrate table WT is then shifted in the x and/or y directions so thata different 
target portion C can be irradiated by the beam PB; 

In scan mode, essentially the same scenario applies, except that a given target 
portion C is not exposed in a singje**flaslf\ Instead, the masfc table MT is movable 
5 in a given direction (the so-called "scan directiorf*, e.g. the y direction) with a 

speed V, so that the projection beam PB is caused to scan over a mask image; 
concurrently^ the substrate table WT is simultaneously moved in the same or 
opposite direction at a speed V - Mv, in which Af is the magnification of the lens 
PL (typically, Af - 1/4 or 1/5). In this manner, a relatively large target portion C 
10 can be exposed, without having to compromise on resolution. 

Figure 2 shows the liquid reservoir 10 between the projection system and the 
substrate stage* The liquid reservoir 10 Is filled with a liquid 11 having a relatively high 
refractive index, e.g- water, provided via inlet/outlet ducts 13. The liquid has the effect that 
tlie radiation of the projection beam has a shorter wavel^igth in Ae liquid than in air or a 
15 vacuum, allowing smaller features to be resolved It is well Imown that the resolution limit 
of a projection system is determined, alia^ by the wavelength of the projection l^am 
and the numerical aperture of the system. The presence of the liquid may also be regarded 
as increasing the effective numerical aperture. Furthermore, at fixed numerical aperture, the 
liquid is effective to increase the depth of field, 
20 The reservoir 10 forms a contactless seal to the substrate around the image field of 

the projection system so that liquid is confined to fill a space between the substrate surface 
and the final element of the projection system. Tlie reservoir is formed by a seal member 12 
positioned below and surrounding the final element of the projection system PI>. Liquid is 
brought into the space below the projection system and within the seal member 12. The 
25 seal member 12 extends a Kttle above the final element of the projection system and the 
liquid level rises above the final element so that a buffer of liquid is provided* The seal 
member 12 has an iimpr periphery that at the upper end preferably closely conforms to the 
step of the projection system or the final element thereof and may, c*g., be round. Ai the 
bottom, the inner periphery closely conforms to the shape of the image field, e.g., 
30 rectangular though this need not be the case. 

The liquid is confined in the reservoir by a gas seal 16 between the bottom of the 
seal member 12 and the surface of the substrate W, The gas seal is formed by gas, e.g* air 
or synthetic air but preferably Hor another inert gas, provided under pressure via inlet 15 
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* 

to the gap between seal member 12 and substrate and extracted via &tsI outlet 14. The 
overpressure on the gas inlet 15, vacuum level on the 0rst outlet 14 and geometry of the 
gap are arranged so that there is a high-velodty air flow inwards that confines the liquid. 
This is shown in more detail in Figure 3. 
5 The gas seal is formed by two annular grooves 18, 19 which are connected to the 

first miet 15 and first outlet 14 respectively by a series of small conducts spaced around the 
grooves. The in-and out-lets 14, 15 may either be a plurality of discrete orifices around Ihe 
circumference of the seal member 24 or may be continuous grooves or slits, A large 
annular hollow in the seal member may be provided in each of the inlet and outlet to form a 
10 manifold. The gas seal may also be effective to support the sea! member 12 by behaving as 

■ 

a gas bearing. 

Gap Gl, on the outer side of the gas inlet 15, is preferably small and long so as to 
provide resistance to air flow outwards but need not be. Gap G2, at the radius of the inlet 
15, is a little larger to ensure a sufficient disuibution of gas around the seal member, the 

15 inlet 15 being formed by a number of small holes around the seal member- Gap G3 is 
chosen to control the gas flow through the seal. Gap G4 is larger to provide a good 
distribution of vacuum, the outlet 14 being formed of a number of small holes in the same 
manner as the inlet 15. Gap G5 is small to prevent gas/oxygen diffusion into the liquid in 
the space, to prevent a large volume of liquid entering and disturbing the vacuum and to 

20 ensure that capillary action will always fill it with liquid. 

The gas seal is thus a balance between the capillary forces pulling liquid into the 
gap and the airflow pushing liquid out- As the gap widens from G5 to G4, the capillary 
forces decrease and the airflow increases so that Oie liquid boundary will lie in this region 

and be stable even as the substrate moves under the projection system PL* 
25 The pressure difference between the inlet, at G2 and the outlet at G4 as well as the 

size and geometry of gap G3, determine the gas flow through the seal 16 and will be 
determined according to the specific embodiment However, a po^ible advantage is 
achiev<«i if the length of gap G3 is short and absolute pressure at 02 is twice that at G4, in 
which case the gas velocity will be the speed of sound in the gas and cannot rise any higher* 
30 A stable gas flow will therefore be achieved 

The gas outlet system can also be used to completely remove the liquid from the 
system by rediKdng the gas mlet pressure and allowing the liquid to enter gap G4 and be 
sucked out by the vacuum system, wiuch can easily be arranged to handle the liquid, as well 
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as tte? gas used to fonn the sealr Control of the pressure in the gas seal can also be used to 
ensure a flow of liquid through gap G5 so that liquid in this gap that is heat^ by friction as 
the substrate moves does not disturb the temperature of the liquid in the space below the 
projection system. 

5 The shape of the seal member around the gas inlet and outlet should be chosen to 

provide laminar flow as far as possible so as to reduce turbulence and vibration. Also, the 
gas flow should be arranged so that the change in flow direction at the liquid interface is as 
large as possible to provide maximum force confining the liquid 

The Kquid supply system circulates liquid in the reservoir 10 so that fresh liquid is 

10 provided to the reservoir 10, 

The gas seal 16 can produce a force large enough to support the seal member 12. 
Indeed, it may be necessary to bias the ^al member 12 towards the substrate to make the 
effective weight supported by the seal member 12 higher. The seal member 12 will in any 
case be held in the XY plane (perpendicular to the optical axis) in a substantially stationary 

15 position relative to and under the projection system but decoupled from the projection 
system* The seal member 12 is free to move in the Z direction and Rx andRy, 



20 Embodiment 2 

The second embodiment is illustrated in Figures 4 and 5 and is the same as the first 
embodiment except as described below. 

In this embodiment a second gas outlet 216 is provided on the opposite side of the 

25 gas inlet 15 to the first gas outlet 14. In this way any gas escaping from the gas inlet 15 
outwards away from the optical axis of the apparatus is sucked up by second gas outlet 21 6 
which is connected tQ.a vacuum source. In this way gas is prevented from escaping from 
the gas seal so that it cannot interfere, for example, with interferometer readings or with a 
vacuum in which the projection system and/or substrate are housed. 

30 Another advantage of using the two gas outlet embodiment is that the design is 

very similar to that of air bearings previously used in lithographic projection apparatus. 
Thus the experience gained with those air bearings can be applied directly to the gas seal of 
Ods embodiment- The gas seal of the second embodiment is particularly suitable for use as 
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gas bearing, as well as a seal means, such that it can be used to support the weight of the 
seal member 12. 

Advantageously sensors may be provided to either measure the distance between 
the bottom face of the seal member 12 and the substrate W or the topography of the top 
surface of the substrate W. A control means may then be used to vary the pressures applied 
to the gas in- and out-lets 14, 15, 216 to vary the pressure P2 which constrains the liquid 11 
in the reservoir and the pressures PI and P3 which support the seal member 12. Thus the 
distance D between the seal member 12 and the substrate W may be varied or kept at a 
constant distance. The same control means may be used to keep the seal member 12l6veL 
The control means may be controlled either by a feed forward or a feedback control loop- 

Figure 5 shows in detail how the gas seal can be regulated to control independently 
the pressure P2 holding the liquid 11 in the reservoir andP3 which supports the seal 
member 12. This exUa control is advantageous because it provides a way of minimizing 
liquid losses during operation. The second embodiment allows pressures P2 and P3 to be 
controlled independently to account for varying conditions during exposure. Varying 
conditions might be different levels of liquid loss per unit time because of different scanning 
speeds or perhaps because the edge of a substrate W is being overiapped by the seal 
member 12* This is achieved by providing means for varying the distance to the substrate 
W of discrete portions of the face of the seal member 12 facing the substrate W, These 
portions include the portion 220 between the first gas ouflet 14 and the edge of the seal 
memtwr 12 neawtst the optical axis, the portion 230 between the gas inlet 15 and the first 
gas outlet 14 and the portion 240 between the second gas outlet 216 and the gas inlet 15. 
These portions may be moved towards and away fiom the substrate W by the use of 
piezoelectric actuators for example. That is the bottom fece of the seal member 12 may 
comprise piezoelectric actuators (preferably stacks) which can be expanded/contracted by 
the application of a potential difference across them. Other mechanica] means could also be 
used. 

'The pressure P3 which is created below the gas inlet 15 is determined by the 
pressure of gas P5 applied to the gas inlet 15, pressures of gas P6 and P4 applied to the first 
and second gas outlets 14 and 216 r^pectively and by the distance D between the substrate 
W and the bottom face of the seal member 12 facing the substrate Also the horizontal 
distance between the gas in and out-lets has an effect 

Hie weight of the seal member 12 is compensated for by the pressure of P3 so that 
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the seal member 12 settles a distance D from the wafer W» A decrease in D l^ds to an 
increase in P3 and an increase in D will lead to a decrease in P3. Therefore this is asclf 
regulating system. 

Distance D, at a constant pushing force due to pressure P3, can only be regulated 
5 by pressures P4, P5 and P6* However, the combination of P5, P6 and D creates pressure 
P2 which is the pressure keeping the liquid 11 in the reservoir. The amount of liquid 
escaping from a liquid container at given levels of pressure can be calculated and the 
pressure in the liquid is also important. If P^q is larger than P2, the liquid escapes from 
the reservoir and if Px,q is less than P2, air bubbles will occur in theliquid which is 

10 undesirable. It Is desirable to try to maintain P2 at a valu^ slightly less than fio ^ ensure 
that no bubbles form in the liquid but also to ensure that not too much liquidescapes as this 
liquid needs to be replaced Preferably this can all be done with ^ constant D, If the 
distance Dl between portion 220 and the wafer W is varied, the amount of liquid escaping 
from the reservoir can be varied considerably as the amount of liquid escaping varies as a 

15 square of distance Dl. The varieuion in distance required is only of the order of 1mm, 

preferably 10 fim and this can easily be provided by a pieTxielectric stack with an operational 
voltage of the order of 100 V or more. 

Alternatively, the amount of liquid which can escape can be reflated by placing a 
piezoelectric element at the bottom of portion 230. Changing the distance D2 is effective to 

20 change pressure P2- However, this solution might require adjustment of pressure P5 in gas 
inlet 15 in order to keep D constant 

Of course the distance D3 between the lower part of portion 240 and substrate W 
can also be varied in a similar way and can be used to regulate independently P2 and P3. It 
will be appreciated that pr^ures P4, P5 and P6 and distances Dl, D2 and D3 can all be 

25 regulated independently or in combination to achieve the desired variation of P2 and P3. 

Indeed the second embodiment is particularly effective for use in active 
management of the quantity of Hquid in the reservoir 10. The standby situation of the 
projection apparatus could be, where no substrate W is being imaged, that the reservoir 10 
is empty of liquid but that the gas seal is active thereby to support the seal member 12* 

30 After the substrate W has been positioned, liquid is introduced into the reservoir 10- The 

substrate W is then imaged Before the substrate W is removed the liquid from the reservoir 
can be removed. After exposure of the last substrate the liquid in the reservoir 10 will be 
removed. Whenever liquid is removed, a gas purge has to be applied to dry the area 



(40) 



JP 2004-289126 A 2004,10.14 



previously occupied by liquid* The liquid can obviously be removed easily in the apparatus 
a<xording to the second embodiBjent by variation of P2 whilst maintaining P3 constant as 
described above. In other embodiments a similar effect can be achieved by varying P5 and 
P6 (and P4 if necessary or applicable)* 



Rniboament 3 

10 As an alternative or a further development of the second embodiment as shown in 

Figure 6, a channel 320 may be provided in the face of the seal member 12 facing the 
substrate W inwardly (i.e. nearer to the optical axis of the projection system) of the first gas 
outlet 14. The channel 320 may have the same construction as the gas in- and out-lets 14, 
15, 216. 

15 Using the channel 320 pressure P2 may be varied independently of pwjssure P3. 

Alternatively, by opening this channel to environmental pressure above the liquid level in the 
reservoir 10, the consumption of liquid from the reservoir during operation is greatly 
reduced* This embodiment has been illustrated in combination with the second embodiment 
though the channel 320 may be used in combination with any of the other embodiments, in 

20 particular the first embodiment, A further advantage is that the gas inlet 15 and first gas 
outlet 14 (and for certain embodiments second gas outlet 216) are not disturbed. 

Furthermore, although only three elements have been illustrated any number of 

chamiels may be incorporated into the face of the seal member 12 facing the substrate W, 

each chaxmel being at a pressure to improve stiffness, liquid consumption, stability or other 
25 property of ttie liquid supply system* 



Embodiment 4 

Hie fourth embodiment which is illustrated in Figures 7 and 8 3s the same as the 
first embodiment except as described below. However, the fourth embodiment may also be 
advantageously used with any of the other embodiments described* 
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In the fourth embodiment a porous member 410, preferably porous carbon or a 
porous ceramic member, is attached to the gas inlet 15 where g^s exits the bottom face of 
the sea] member 12, Preferably the bottom of the porous member is co-planar with the 
bottom of the seal member. This porous carbon member 410 is insensitive to surfaces 
5 which are not completely flat (in this case substrate W) and the gas exiting the inlet 14 is 
well distributed over the entire exit of the inlet. The advantage gained by using the porous 
member 410 is also apparent when the seal member 12 is positioned partly over the edge of 
the substrate W as at this point the surface which the gas seal encounters is uneven. 

In a variant of the fouith embodiment, the porous member 410 can be placed in the 

10 vacuum channels) 14. The porous member 410 should have a porosity chosen to maintain 
under pressure whilst preventing unacceptable pressure loss. Hiis is advantageous when 
imaging the edge of the substrate W and the gas bearing moves ovei the edge of the 
substrate W be cause although the preload force at the position of the edge might be lc«l, 
the vacuum channel is not contaminated with a large and variable amount of gas, greatly 

IS reducing variations in the preload and as a consequence variation in flying hei^t and forces 
on the stage. 



20 Embodimgnt S 

AH of the above described embodiments typically have liquid in the reservoir 10 
exposed to a gas, such as air^ with a free surface. This is to prevent the jEinal element of the 
projection system PL from brcaMng in a case of a crash due to build up of hydrostatic 

25 forces on the pmjection system. During a crash the liquid in the reservoir 10 is 
unconstrained such that the liquid will easily give/.e. be forced upwards, when the 
projection system^PL nioves gainst it. The disadvantage of this solution is that surface 
waves may occur on the free surface during operation thereby transmitting disturbance 
forces from the substrate W to the projection system PL^ which is undesirable. 

30 One way of solving this problem is to ensui^ that the reservoir 10 is complexly 

contained within a seal member, particularly the upper surface. Liquid is then fed to the 
reservoir 10 through a duct from a secondary reservoir. That secondary reservoir can have 
an unconstrained fop surface and during a crash liquid is forced through the duct into the 
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second reservoir such that the build up of large hydrostatic forces in the Erst reservoir 10 on 
the projection system can be avoided. 

In such a closed system the local build up of pressure in the li<ipid on the projection 
system is avoided by ensuring that the duct connecting the reservoirs has a cross-sectional 
ai^a equivalent to a duct with a radius according to the following equation 



where R is the duct radius, AV is the volume of liquid which has to be removed from the 
reservoir 10 within time L is the length of the duct, is viscosity of the liquid andAF is 
the pressure difference between the secondary reservoir and the primary reservoir 10. If an 

10 assumption is made that the substrate table can crash with a speed of 0,2 m/sec (measured 
by experimeal) and AF^ is Vf Pa (about the maximum pressure the final clement of the 
project system can withstand before damage results), the required pipe radius is about 2,5 
millimeters for a duct length of 0.2 m. Preferably the effective radius of the duct is at least 
twice the minimum given by the formula 

15 An alternative way to avoid the buildup of waves in the liquid in the reservoir 

whilst still ensuring that the projection system PL is protected in acrash, is to provide the 
free surface of the liquid with a suppression membrane 510 on the top surface of the liquid 
in the reservoir 10. This solution requires a safety means 515 to allow the liquid to escape 
in the case of a crash without the build-up of too high a pressure. One solution is illustrated 

20 in Figure 9- The suppression membrane may be made of a flexible material which is 
attached to the wall of the seal member 12 or the projection system in such a way that 
before the pressure in the liquid reaches a predetermined allowed maximum, liquid is 
allowed to deform the flexible suppression membrane 510 such that liquid can escape 
between the projection system PL and the suppression membrane 510 or between the 

25 suppression membrane and the seal member^ respectively, Thus in a crash it is possible for 
liquid to escape above the safety membrane without damaging with projection system PL* 
For this Embodiment it is obviously preferable to have a space above the suppression 
membrane of at least the volume of a reservoir 10, Thus the flexible membrane is stiff 
enough to prevent the formation of waves in the top surface of the liquid in the reservoir 10 

30 but is not stiff enough to prevent liquid escaping once the liquid reaches a predetermined 
hydrostatic pressure. The same effect can be achieved by use of pressure valves 515 which 
allow the free-flow of liquid above a predetermined pressure in combination with a stiffer 
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suppressicn membrane. 

An alternative form of suppression means is to place a high viscosity liquid on the 
top free surface of the liquid in the reservoir 10, This would suppress surface wave 
formation whilst allowing liquid to escape out of the way of the projection system PL in the 
5 case of a crash* Obviously the high viscosity liquid must be immiscible with the liquid used 
in the space 10. 

A further alternative for the liquid suppression means 510 is for it to comprise a 
mesh. In this way the top surface of the liquid can be split into several parts each of smaller 
area. In this way, development of large surf acewaves which build up due to resonance and 
10 disturb the projection system is avoided because the surface area of the several parts is 
equal to the mesh opening so that the generation of large surface waves is effectively 
damped- Also, as the mesh allows flow of liquid through its openings, an effective pressure 
release mechanism is provided for the protection of the projection system in the case of a 
crash. 

15 

r 

EmbodimCTl.6 

20 The sixth embodin^t as illustrated in Figures 10 and 11 is the same as the first 

embodiment except as descr&ed below. The sixth embodiment uses several of the ideas in 
the foregoing embodiments. 

As with the other embodiments, the immersion liquid 11 is confined to an aca 
under the projection system PL by a seal member 12 positioned below and surrounding the 

25 final element of a projection system* 

The gas seal between the seal member 12 andthe substrate W is formed by three 
types of in-androiit-leu The seal member is generally made up of an outlet 614, an inlet 615 
and a fiirther inlet 617- These are positioned with the outlet 614 nearest the projection 
system PI^ readily outwardly of the outlet 614 the further inlet 617 and fuithest from the 

30 projection system PL the inlet 615. The inlet 615 comprises the air bearing in which gas is 
provided to a plurality of outlet holes 620 in the surface of the seal member 12 facing the 
substrate W via an annular chamber 622, The force of the air esriiing the outlet 620 both 
supports at least part of the weight of the seal memlwr 12 and well as providing a flow of 
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air towards the outlet 614 which helps seal the immersion liquid to be confined to a local 
area under the projection system PL> The purpose of the chamber 622 is so that the 
discrete gas supply orifiice(5) 625 provide gas at a uniform pressure at the outlet holes 620, 
The outlet holes 620 are about 0,25 mm in diameter and there are approximately 54 outlet 

5 holes 620* There is an order of magnitude difference in flow restriction between the outlet 
holes 620 and the chamber 622 which ensures an even flow out ofall of the outlet holes 620 
despite the provision of only a small number or even only one main supply orifice 625, 

The ^ exiting the outlet holes 620 flows both radially inwardly and outwardly. 
The air flowingradially inwardly up the outlet 614 is effective to form a seal between the 

10 seal member 12 and the substrate W. However, it has been found that the seal is improved 
if a further flow of air is provided by a further inlet 617- Passage 630 is connected to a gas 
source, for example the atmosphere* The flow of air radially inwardly from the inlet 615 is 
effective to draw further gas from the further inlet 617 towards the outlet 614. 

An annular groove 633 which is provided at the end of the passage 630 (rather 

15 than a series of discrete inlets) ensures that the sealing flow of gas between theinner most 
edge of the groove 633 and the outlet 614 is even around the whole circumference. The 
groove is typically 2.5 mm wide andof a similar height* 

The inner most edge 635 of the groove 633 is, as illustrated, provided with a radius 
to ensure smooth flow of the gas through passage 630 towards the outlet 614. 

20 The outlet 614 also has a continuous groove 640 which is approximately only 0.7 

mm high but 6 to 7 mm wide. The outer most edge 642 of the groove 640 is provided as a 
sharp, substantially 9CP, edge so that the flow of gas, in particular the flow of gas out of 
further inlet 630 is accelerated to enhance the effectiveness of the gas seal* The groove 640 
has a plurality of outlet holes 645 which lead into an annular chamber 647 and thus to 

25 discrete outlet passage 649. The plurality of outlet holes 645 are approximately 1mm in 
diameter such that water droplets passing through the outlet holes 645 arc broken up into 
smaller droplets* 

'The effectiveness of liquid removal of the seal member 12 can be adjusted by an 
adjustable valve 638 connected to the further inlet 617* The valve 638 is effective to adjust 
30 the flow through further inlet 617 thereby to vary the effectiveness of liquid removal of the 
gas seal 12 through outlet 614* 

The overall diameter of the seal member is of the order of 100 mm* 

Figure 11 shows, in plan, the underside of the seal member 12 of Figure ID. As 
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can be seen^ the inlet 615 is provided as a plurality of discrete inlet holes 620. This is 
advantageoiis over the use of a groove for the main inlet 615 because a groove as an air 
bearing has a capacity (because of thecompressable nature of gas) such thai vibrations can 
be set up in such a system. Small diameter inlet holes 620 have a lower volume of gas in 
5 them and therefore suffer less from problems arising from capacity. 

The use of a further inlet 617 in the form of a groove 633 can be used to enaire a 
continuous gas flow aroimd the whole circumference of the seal member 12 which would 
not necessarily be possible when only using discrete inlet holes 620, The provision of the 
outlets 645 as discrete entities is not a problem because of the provjsicHi of the groove 640 
10 which is effective, like chambers 647 and 612, to even out the flow. 

The inlets for liquid are not illustrated in the seal member 12 of Figures 10 and 11. 
The liquid may be provided in the same manner as illustrated in the foregoing embodiments 
or, alternatively, any of the liquid inlets and outlets as described in European Patent 
Application Nos. 03256820.6 and 03256809*9. 

15 

Bmbfidiment 7 

20 Hie seventh embcKJimcnt is similar to the sixUi embodiment except as described 

below. Figure 12 is a plan view of the underside of the seal member 12 similar to that 
shown in Figure 11, In Figure 12 the seal member is not provided with a further inlet as in 
the sixth embodiment though this can optionally be added. 

The seal member 12 of the seventii embodiment comprises a gas bearing 715 

25 formed by inlet holes 720 and which is of the same overall design as the sixth embodiment. 
The inlet 714 comprises a annular groove 740 with only two passages 745, 747 which lead 
to a gas source and a yacuum source respectively. In this way aiiigh speed flow of gas 
jfrom the^gas source connected to passage 745 towards the vacuum source connected to 
pass^e 747 can be established. With thishigh speed flow of gas, immersion liquid can be 

30 drained more effectively- FurthOTUOre, by creating a larger restricted vacuum flow in the 
vacuum chamber, flow fluctuations due to variations in the height of the seal member 12 
above the substrate W or other lealcage sources in the surface will not influence the vacuum 
chamber pressure providing the preload for the gas bearing- 
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EmbjQ.dimsn.t.B 

5 

The ei^th embodiment will be described in relation to Figure 14 and is the same as 

the first embodiment except as described below. 

As can be seen &om Figure 14, the eighth embodiment has a seal member 12 with 

an inlet 815 and an outlet 814 just like the fiist embodiment. However, a further inJet 817 is 
10 provided which is arranged so that a jet of gas can be formed which increases the velocity of 

the gas on the surface of the substrate W below or marginally radially outwardly of the 

outlet 14 so that immersion liquid is more effectively removed from the surface of the 

substrate The farther inlet 817 has an exit provided by anozale which is directed 

towards the substrate W at an angle radially inwardly towards the projection system PL, 
15 Thus, the otherwise laminar air flow <with a Reynolds number of around 300) between the 

inlet 815 and the outlet 814 and which has a simple parabolic speed distribution with a 2;ero 
on the surface of the substrate, which cannot remove the last few micro meters of 

liquid film from the wafer, is imim>ved because the fiirfher inlet 817 ensures that with a 

higher air velocity is in contact with the substrate surface. 
20 From Figure 14 it can be seen thai the exit nozzle of the further inlet 817 is 

provided radially outwardly of the outlet 814 but closer to the outlet 814 than to the inlet 

815. 

25 

Bmbodlmgnt 9 

The ninth embodiment is illustrated in Figures 15 and 16 and is the same as the first 
emboc^ent except as described below, 
30 In the ninth embodiment the month of the oudet 914 in the bottom surface of the 

seal member 12 which faces the substrate W, fc modiified to increase the velocity of air into 
the outlet 914. This is achieved by reducing the size of the mouth of the inlet 914 whilst 
keeping the passageway of the outlet 914 the same size. This is achieved by providing a 
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smaller mouth by extending material of the seal member 12 towards the center of the 
passage to form an outer addition member 940 and an inner additional member 950. The 
outer additional member 940 is smaller than the inner adational member 950 and the gap 
between those two members 940, 950 is approximately 20 times smaller than the remainder 
5 of the outlet 914, The mouth is approximately 100 to 300 fim in width. 

In Figure 16 a further alternative version of the ninth embodiment is depicted in 
which a further inlet 917 similar to the further inlet 817 of the eight embodiment is provided. 
However, in this case the further inlet 917 provides a jet of flow substantially parallel to the 
surface of the substrate W so that the gas entering the mouth of the outlet 914 is accelerated 



Frmbodimcnt 1Q 

15 The tenth embodiment is illustrated in Figure 17 and is the same as the Rtst 

embodiment except as described below. 

In the tenth embodiment the efficiency of liquid removal is improved by increasing 
the velocity of gas on the surface of the substrate W along the same principles as in the 
eight embodiment Gas leaving inlets 1015 and moving^adially inwardly towards an outlet 

20 1014 passes underneath an annular groove 1018. The effect of the groove, as illustrated, is 
for the gas to enter the groove on its radially outer most side and to exit it, with an angle 
towards the substrate W, on the radially inward side* Thus, the speed of the gas on the 
surface of the substrate W at the entrance to the outlet 1014 is increased and liquid removal 
efficiency is improved 

■ 25 

It will be clear that features of any embodiment can be used in conjunction with 

some or all features of-any other embodiment 

If 

Whilst specific embodiments of the invention have been described above, it will be 
30 appreciated that the invention may be practiced otherwise than as described. The description 
is not intended to limit the invention* 
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■CLAIMS: 



1 . A lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means serving 
to pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid, characterized in that said liquid 
supply system comprises: 

a seal member extending along at least a part of the boundary of said space 
between the final element of said projection system and said substrate table; and 

a gas seal means for forming a gas seal between said seal member and the surface 
of said substrate, 

2. Apparatus according to claim 1, wherein said gas seal means is a gas bearing for 
supporting said seal member over said substrate. 

3. Apparatus according to claim 1 or 2, wherein said gas seal means comprises a gas 
inlet and a first gas outlet formed in a fece of said seal member that opposes said substrate, 

means for supplying gas under pressure to said gas inlet and vacuum means for extracting 
gas from said first gas outlet 

4. Apparatus according to claim 3, further comprising a fiirther inlet connected to a 
gas source and positioned between said first gas outlet and said gas inlet. 

5. Apparatus according to claim 4, wherein said finther inlet comprises a continuous 
annular groove in a surface of said seal member facing said sutetrate. 

6- Apparatus according to claim 5, wherein aradially innermost corner of said groove 
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has a radius. 

7, Apparatus according to any one of claiiDS 3 to 6, wherein said first gas outlet 
comprises a continuous annular groove in a surface of said seal member facing said 
substrate. 

8* Apparatus according to any one of claims 3 to 7, wherein said first gas outlet 
and/or said gas Inlet comrwrise chambers between said means for supplying and said vacuum 
means respectively and an opening of said inlet or outlet in said surface which chamber 
provides a lower flow restriction than said opening, 

9* Apparatus according to any one of claims 3 to 8, wherein said gas inlet comprises a 
series of discrete openings in a surface of said seal member facing said substrate. 

10. Apparatus according U> any one of claims 3 to 9, wherein a porous member is 
disposed over said gas inlet for evenly distributing gas flow over the area of said gas inlet. 

11. Apparatus according to any one of claims 3 to 10, wherein s^d seal member 
further comprises a second gas outlet formed in said face of said seal member that opposes 
said substrate, said first and second gas outlets being formed on opposite sides of said gas 
inlet. 

12. Apparatus according to any one of claims 3 to 11, further comprising means for 
vaiying the level of a portion of said face between said first gas outlet and said gas inlet 
relative to the remainder of said face. 

13* Apparatus according to any one of claims 3 to 12, further comprising means for 
varying the level of a portion of said face between said first gas outlet and an edge of said 
face nearest said optical axis relative to the remainder of said face, 

14, Apparatus according to any one of claims 3 to 13, wherein said gas seal means 
comprises a channel formed in said &ce and located nearer to the optical axis of the 
projection system than said first gas outlet. 
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15; Appaimtus according to claim 14., wherein sial d chapmBl is a secDiid gas inlet* 

■ 

16* Apparatus accor^fing to claim 15^ wherein sadd channel j^vO|3^ii to ttife eicivijri^mient 
aboye the leyel of liquid iu ^aid s{)ace, 

17, Apparatus according to any one of jGlaims 3 to 16, wherdn said gaS Met 1$ Io<atecl 
fimher oiitw^d from the optical a?ds of said projection system than is said first gasouflet 

18, Api>arat^4& ^a¥>rdittg to anjr one of claims 3 to 17, whereiti said gas in^ and out-lets 
each coxnpiise a groove in said Bc^. of said s^E>aI mmb^r piipOsing s:aidsubstr^t^ and. M 
plurality of coiidi4t;s Ica^ding into said groove at spaced locations. 

19, App^tMs aiscording to a^y oae of claims 1 to 18» further comprising seiisors for 
measuiiag the distaiice betweeii said tose of said seal mt&mber said sul?straf;e:and/or flie 
topography of s^id substrate. 

■I 

20, Apparatus according to any of claims 1 to 19, Eurther comprising control means to 
control the gas pressure in said gas^eaj jnews tc? control the stiffiiess between said seal 
member and said sub^rate and/or the distance between said seal member and said siibsttate^ 

21, Apparatus accori&ig to any one of the prroeding claiinsi wherdn the gap bet^»/e6ti 
sea} Mecnl^ andthe surface of isaid.stib^tfatie inwardly of said gas seal means is smuS, 

so that capillary mion draws liquid into th^ gap m^ox to prcsyent gas ficom said seal 
mea«^ entering said space between said projection system and saidsubstrate^ 

22, Apparatus according to any one of the preceding daims^ wherein said seal member, 
forms a closed loop around said ^paee between said projection ^system and^d substrate; 

23, A lithograplacprojeclioa apparatus comprising? 

a radiation syston for sjupplyiisg a proji©:stion beam of )ra<Kation; 
a support structure for supporimg patterning means, the pattcmiiig me^ serving 
to pattern the projection heaiii ac<Jor;di;ng to a desSfed pattern; 
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a sul^trate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
projection ^ystena and said substrate with a liquid, characterized in that 

said space ^ In liquid connection with a liquid reservoir through a duct, and the 
minimum cross sectional area of said duct in a plane perpendicular to the direction of fluid 



1/2 

where is the volume of liquid which has to be 



( UVt}L 1 
flow is at least k ~— 

removed from said space within time/^, L is the length of the duct, rj is viscosity of liquid 
in said space and AP^ is the maTomum allowable pressure on said final element, 

24. The apparatus of claim 23, wherein said space is enclosed such that when liquid is 
present in said space, said liquid has no firee upper surface. 

25. A lithographic projection apparatus comprfeing: 

a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning meai^ serving 
to pattern the projection beam amnding to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply systems for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid, 

characterized in ftat said liquid supply system fiirther comprises on a top surface of 
Hquid in said liquid supply system, suppression means for suppressing development of 
waves and including pressure release means. 

26. Apparatus according to claim 25, wherein said suppression means comprises a 
flexible membrane. 



27. Apparatus according to claim 25 or 26, wherein said suppression means comprises 
a mesh sucii that the maximum area of said top surface of said liquid is equal to the mesh 
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2^. Apparatus according to cMm 25, 26 ot Zl, wherein saidf suppiession means 
includes a safety valve for aUoiving the passage of liquid above a certain pressute 

29. Apparatus asscordixig xo Qlaim 25, wherdn said sappxessipn meai^s is a high, 
viscosity liquid which is immiscible with said liquid* 

L ABSTRACT 
Lithographic Apparatus and Device Manufacturing Method 




In a lithographic projection apparatus a seal member surrounds a space between 
the final element of a projection system and a substrate table of the lithographic projection 
apparatus. A gas seal is formed between said seal member and the surface of said substrate 
to contain liquid in the space. 

5 

t RepresentatiTe Dr&v ing. 

Fig. 2 
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